Objective. To understand the impact of changes in physician market structure on clinical outcomes and health care utilization. Data Sources. [2005][2006][2007][2008][2009][2010][2011][2012] Medicare fee-for-service claims and enrollment data. Study Design. We consider the effect of cardiology market structure on utilization and health outcomes for four patient populations. We estimate the risk-adjusted impact of competition using multivariate regression models. Principal Findings. The study finds that an increase in consolidation leads to statistically and economically significant increases in negative health outcomes. For example, we find that moving from a zip code at the 25th percentile of cardiology market concentration to one at the 75th percentile would be associated with 5 to 7 percent increases in risk-adjusted mortality for three of the sample populations. We also found higher expenditures in more concentrated markets. For example, moving from a zip code at the 25th percentile of cardiology market concentration to one at the 75th would be associated with 7 to 11 percent increases in expenditures, depending on sample population. Conclusions. Our estimates indicate that increases in cardiology market concentration are associated with worse health outcomes and higher health care expenditures. Some effects may be attributed to vertical as well as horizontal changes.
scope (Shih et al. 2008) , others worry about the effect on physicians' incentive to provide high-quality care (U.S. Department of Justice and Federal Trade Commission, 2004 ). An emerging empirical literature has begun to shed light on the debate, finding evidence that more horizontally concentrated physician markets have higher commercial insurance reimbursement rates (Schneider et al. 2008; Dunn and Shapiro 2014; Sun and Baker 2015; Carlin, Feldman, and Dowd 2016) .
2 But many questions remain unanswered.
We extend the literature by analyzing how physician market concentration relates to clinical quality and health service utilization.
3
Our analysis considers these issues in the context of local heart specialist (i.e., cardiologist) markets. We focus on cardiology because related conditions are a leading cause of death. 4 Moreover, the literature suggests that cardiology markets have become especially concentrated Dunn and Shapiro 2018) , partially as a result of hospitals acquiring cardiology groups (Song et al. 2015; Koch, Wendling, and Wilson 2017) . 5 To estimate the impact of competition, we first leverage rich data on Medicare fee-for-service beneficiaries' treatment histories to identify four overlapping sets of patients exposed to cardiology markets. We then assess the relationship between market concentration and the exposed patients' outcomes using a standard approach to estimating plausibly causal effects of health care market concentration (Zwanziger, Melnick, and Mann 1990; Kessler and McClellan 2000) . The results of our regression analyses imply that differences in concentration are associated with statistically and economically significant changes in patients' health outcomes. In three of our sample populations, we find that patients residing in a zip code at the 75th percentile of cardiology market concentration would have an approximately 5 to 7 percent greater chance of riskadjusted mortality as compared with observably identical patients residing in a zip code at the 25th percentile of physician market concentration. We find similar results for other outcomes, including the incidence of acute myocardial infarctions (AMIs), emergency room (ER) visits, and readmissions. The negative correlation between concentration and quality is consistent with economic models that predict increased concentration will reduce quality when prices are administratively determined (Gaynor 2006 ).
In addition to correlating concentration with lower clinical quality, our analyses show that overall expenditures on health services increase as competition declines. For example, moving from a zip code at the 25th percentile of cardiology market concentration to one at the 75th percentile would be associated with an 7 to 11 percent increase in total expenditures, depending on the sample population. 7 The impact of concentration on spending appears driven by higher payments for services provided in hospitals, especially for outpatient services, which outweigh modest reductions in average spending on physician services. As the higher total expenditures are not associated with improvements in health outcomes, our results indicate that reductions in competition lead to an unambiguous deterioration in the value of health care being provided. The fact that much-though not all-of the increase in hospital spending comes from an increase in billing for outpatient services is consistent with the fact that increases in horizontal concentration are likely confounded with increased vertical integration. Reimbursement for patients seen in hospitals are substantially higher, giving vertically integrated systems an incentive to shift where physicians provide care (Baker, Bundorf, and Kessler 2014; Neprash et al. 2015; Capps, Dranove, and Ody 2016; Dranove and Ody 2016; Koch, Wendling, and Wilson 2017) . Overall, our results complement other ongoing research on the nonprice effects of physician market concentration. In particular, Dunn and Shapiro (2018) find that cardiologists in more concentrated markets perform more intensive services on commercially insured patients than do otherwise similar ones in less concentrated markets. Broadly consistent with this, we find that concentration increases total expenditures. However, we also find evidence of increased utilization of inpatient services and worse health outcomes. These results are consistent with physician market concentration leading to lowerquality care as has been found in other provider markets (Wilson 2016; Gaynor & Town, 2012b) .
THEORETICAL FRAMEWORK
When prices are set administratively, as they are for Medicare beneficiaries, economists expect competition to increase health care providers' quality. The intuition for this expectation comes from a straightforward model requiring assumptions that match the characteristics of physician markets (Gaynor 2006) . First, the model assumes that patients value clinical quality and that they are able to observe it (albeit possibly with noise). There are multiple Market Structure, Patient Outcomes, and Spendingsources of information on physicians' quality, which include online resources as well as more traditional ones such as friends and colleagues (Hanauer 2014; Lu and Rui unpublished data) . Second, physicians must care about profits. We believe this assumption holds given the rich literature showing that physicians respond to financial incentives (HennigSchmidt, Selten, and Wiesen 2011; Coey 2015) . Finally, the model assumes that it is costly for physicians to provide better-quality care. 8 We believe this assumption holds. Given these assumptions, patients' demand for any given physician will depend on that physician's quality as well as that of the physician's competitors. Competition will tend to induce providers to bear the costs required to provide higher quality care in order to attract patients. We test this hypothesis empirically by looking at how clinical outcomes and expenditures vary at the patient level depending on the structure of their local physician markets. Specifically, we take the level of physician concentration to be the "treatment" variable and then consider how different outcomes vary with it.
Finding that higher market concentration correlates with either deterioration in the quality metrics (without decreased expenditures) or an increase in utilization (without any compensating improvement in quality) implies that competition leads to better value health care. A finding that higher concentration leads to higher spending, but lower incidence of adverse health outcomes has less obvious welfare implications. It could indicate that competition prevents clinicians from spending enough time with patients to effectively help them avoid bad outcomes. Alternatively, it could indicate that with market power, clinicians overprovide clinical quality relative to what a social planner would choose (Gaynor 2006) .
METHODS

Study Population of Patients and Organizations
Our analysis relies on 2005-2012 claims and enrollment information for a 5 percent sample of fee-for-service Medicare beneficiaries (approximately 2.5 million persons per year). The claims data include inpatient admissions, hospital outpatient visits, and office-based interactions; these document the procedures performed (e.g., CPT codes for outpatient visits), patients' ailments (e.g., ICD-9 diagnosis codes), and the specific dates on which each "event" occurred.
3552
HSR: Health Services Research 53:5, Part I (October 2018) Using the claims information, we narrow attention to four overlapping samples of patients likely to be affected by differences in cardiology market concentration.
9 Specifically, we identify patients treated for hypertension, a chronic cardiac condition, an acute cardiac condition, or an AMI. For the first three populations, we identify them using the treatments beneficiaries received in the prior year as indicated by the ICD-9 codes observed in their treatment histories. For the AMI sample, we consider whether or not a patient's beneficiary summary file indicates they suffered a heart attack in a given year.
10
Attending doctors are identified by a unique identifier (either NPI or UPIN). We use the clinicians' tax identification numbers (TINs) to identify provider groups.
11
Study Variables
Outcomes. We focus on two groups of outcome variables. First, we consider metrics related to the quality of care: mortality, the incidence of AMIs, an indicator for whether a patient visited an ER, and the number of readmissions. Second, we consider proxies for the utilization of health care services: total expenditures, expenditures to hospitals, expenditures to physicians, and the number of days a patient spent in hospitals. To understand the particular mechanisms that may be at work, we further separate hospital spending into inpatient and outpatient categories.
Measure of Concentration. Our independent variable of interest is the competitiveness of patients' local physician market. To measure competition, we construct "adjusted" measures of the standard Herfindahl-Hirschman Index (HHI) of market concentration, that is, the sum of squared market shares multiplied by 10,000.
12 The HHI is a standard metric used in industrial organization and antitrust to assess the level of competitiveness in markets. 13 Our adjusted HHI is similar but involves several discrete steps designed to take account of institutional characteristics of health care markets; its broad approach is standard in the literature (Zwanziger, Melnick, and Mann 1990; Kessler and McClellan 2000; Dunn and Shapiro 2014; Capps, Carlton, and David 2017) .
We begin by identifying all outpatient claims for services delivered by cardiologists. For each observation, we observe the TIN of the provider associated with the claim. With this information, we construct HHIs based on the allowed amount of spending going to different TINs for patients living in each zip code in each year. As discussed in Kessler and McClellan (2000) , these zip-code-level HHIs may not be good predictors of the level of competition that patients within a zip code are exposed to. This is because the HHIs imply that individual physician groups differentiate their behavior based on the residences of patients, which seems unlikely.
To correct for this problem, we use adjusted measures that assume individual physician groups' quality choices reflect a weighted average of the competitiveness of the markets their patients come from. These adjusted measures are constructed from the original zip-code HHIs in two additional steps. First, physician group-specific HHIs are constructed for each TIN by weighting the zip-code HHIs of their patients by their share of the physician group's total patient pool. Second, the physician-level adjusted HHIs are converted back to the patient zip-code level by weighting each physician group adjusted HHI by the proportion of patients within the zip code going to that physician group.
Our adjusted zip-code concentration measure varies within zip codes over time for three reasons. First, entry, exit, or mergers of cardiology practices will cause the adjusted HHIs to change. These events most closely relate to changes in competition and represent our best source of identification. Second, all else equal, the concentration of a given zip code will also change as the populations of nearby zip codes change because this will alter the physician group-specific concentration measures. Third, concentration will be impacted by differences over time in the relative preference of individuals for different practice characteristics.
Some papers have used distance as an instrument to circumvent the possible endogeneity of adjusted HHIs, but we follow other recent work in not doing so (Capps, Carlton, and David 2017) . In our context, the concern would be that patients select into areas based on the quality of providers. However, all else equal, the primary effect of such selection will be to bias the estimate on concentration upwards. In other words, if the patient population was highly mobile in seeking out better physician groups-which we find unlikely given that we are focusing on Medicare beneficiaries-then we would be more likely to find that concentration correlates with better outcomes. Thus, we believe our identification approach is, if anything, biased away from concluding that concentration worsens health care.
We must acknowledge that our measure of concentration likely confounds changes in horizontal structure with changes in vertical structure. This is because, as noted above, hospital-affiliated medical groups have been growing in size, partially as a result of mergers. Therefore, any effects we find may reflect changes in incentives related to vertical integration as well as those from reduced horizontal competition. We believe the literature suggests that vertical changes are likely to be salient for utilization and spending Koch, Wendling, and Wilson 2017) . However, most of the literature does not support a hypothesis that vertical integration consistently impacts health outcomes (Burns, Goldsmith, and Sen 2013; Koch, Wendling, and Wilson 2016) . Therefore, we believe finding any effect on health can be attributed to changes in competition.
Risk-Adjusting Covariates. We account for factors other than concentration that are likely to influence health outcomes and utilization by including a rich set of control variables that capture variation in beneficiaries' comorbidities and demographic backgrounds.
We address demographic variation using categorical variables for different age groups (measured in 5-year increments), gender, and race (white, African American, and other). We account for variation in comorbidities with an indicator for whether the beneficiary suffers from ESRD plus two vectors of indicator variables covering a rich set of chronic conditions. The first vector indicates whether a given beneficiary was diagnosed with various chronic conditions in a given year. The second indicates whether the beneficiary had ever been diagnosed with that chronic condition.
14 To account for unobserved differences in factors like income, wealth, and environmental quality, we use zip-code fixed effects. We address the possibility of systematic intertemporal variation using year indicator variables.
Statistical Analysis
In our econometric analyses, the unit of observation is the beneficiary-year. For all outcome variables, our specifications take the same form:
where y imt is the outcome of interest for beneficiary i living in zip-code market m in year t. ADJZIPHHI mtÀ1 is the level of concentration in m in the prior year, X it are contemporary sociodemographic variables of the beneficiary, Z itÀ1 are indicator variables for whether or not the beneficiary was diagnosed with a serious comorbidity in the previous year, d t are year fixed effects, g m are zip-code fixed effects, and e imt is the idiosyncratic error.
15
The HHI measures are lagged because we believe that the impact of exposure to poor-quality care may take some time to manifest itself. Thus, it makes sense to use the prior year's concentration measure. In addition, lagging the concentration measure should reduce concerns about simultaneity bias. If a patient received a negative health shock, that would tend to be associated with an increase in utilization. Given that we use the allowed amounts to construct our baseline HHI measure, this would well increase concentration, thereby leading to a false conclusion that concentration negatively impacts patients. By using lagged measures, we reduce this possibility.
Because we include zip-code fixed effects in all models, within zip-code variation in our concentration measure over time identifies competition's effect. We estimate all specifications using ordinary least squares (OLS), making those regressions with binary outcomes linear probability models. We cluster our standard errors at the zip-code level.
DATA ANALYSIS
Characteristics of the Samples Table 1 shows summary statistics for the different samples and variables used in the paper. The summary statistics show that a high proportion of our sample is female. The sample population's consumption of health care services is weighted toward those provided in hospital-based settings as the combined Medicare and beneficiary expenditures for hospital-based treatments are approximately four times those spent on physician services.
Variation in Concentration
Using one observation for each zip code-year and weighting by the number of beneficiaries, we find large cross-sectional differences in the level of concentration. This can be seen in Figure 1 . For example, an observation at the 25th percentile of concentration has an adjusted HHI of 2,306 while a zip code at the 75th percentile has an adjusted HHI of 3,958.
We also find that there is substantial variation in concentration within zip codes over time. For example, we find that the median coefficient of variation for a zip code's adjusted concentration is >0.13.
16 Moreover, we find that much of the variation in concentration over time reflects the fact that markets are growing more concentrated. In particular, the average patient's zip code had an adjusted HHI of 2,752 in 2005 as compared to 3,365 in 2011. Figure 2 compares the distributions of concentration at the beginning to the end of our sample period and provides further evidence of markets' consolidation. The darker histogram shows the distribution of zip-code-level adjusted HHIs for 2005, while the unshaded histogram shows the same distribution in 2011. The figure shows that the distribution of concentration shifted to the right from the beginning to the end of our sample period; there is a much larger tail of highly concentrated markets in the latter period. Not only do we find concentration to be a statistically significant predictor of bad health outcomes for patients, but its connection is of economic significance. For example, the estimates imply that a hypertensive patient moving from a zip code at the 25th percentile of concentration to one at the 75th percentile would be expected to have around a 0.3 percentage point higher incidence of mortality. This is equivalent to an approximate 5 percent increase in risk relative to the population mean. The effects are broadly similar for the other quality metrics and populations with effects varying between 1 and 11 percent relative to population means. Table 3 presents risk-adjusted effects of variation in cardiology market concentration on utilization for the different sample populations. Similar to those shown in Table 2 , the utilization results show that concentration is associated with economically and statistically significant consequences. The relationship between concentration and utilization is statistically significant at the conventional levels in all but two of the 16 regressions. We always find higher total expenditures in more concentrated areas. We also consistently find positive, statistically significant relationships between concentration and hospital expenditures (and hospitalization). In contrast, we do not find that physician expenditures have a statistically significant positive relationship with concentration. Indeed, we find concentration associated with statistically significant decreases in physician utilization in the chronic and acute cardiac condition samples. Not only are the effects on utilization generally statistically significant, but they often are large in economic magnitude. Depending on sample population, the estimated coefficients imply that a patient moving from a zip code at the 25th percentile of concentration to one at the 75th percentile would experience a 7 to 11 percent increase in total expenditures. These increases are driven by the increased charges from hospitals, which dwarf modest decreases in spending directly to physicians.
Utilization Analysis
DISCUSSION
In this study, we document significant variation in local cardiology markets' concentration. Furthermore, the data suggest a substantial increase in concentration in recent years for most markets. Our regression analyses suggest that these changes in market structure have had economically and statistically significant effects on expenditures and health outcomes.
Specifically, we find that higher concentration is associated with higher total expenditures but also worse health outcomes. While we are unable to say whether the higher expenditures may be associated with nonclinical factors that increase beneficiary utility, these patterns are inconsistent with standard arguments for why provider scale could benefit patients. This fits with other evidence on the average impact of financial integration of physician organizations (Burns, Goldsmith, and Sen 2013) .
Our analyses imply that the increased expenditures from cardiology market concentration stem from services provided in hospitals. Spending on physician services often is actually lower in more concentrated markets. This result could have several explanations. First, the increase in hospital spending could reflect that with less competition, physicians shirk on preventative care. This could cause beneficiaries to require more expensive inpatient care. Such shirking might be reasonable if physicians find it especially burdensome relative to its financial benefits. One reason shirking may disproportionately impact preventative care to Medicare patients is that part of the opportunity cost of physicians' time with Medicare patients is time with privately insured patients. Reimbursement for services provided to privately insured patients tends to be substantially higher than those for Medicare beneficiaries.
Second, it is possible that the results are being driven by the fact that horizontal consolidation is confounded with vertical consolidation. After all, hospital acquisitions of physician practices could lead to higher physician market concentration if the acquiring system already employed any physicians. Other research has shown such vertical integration leads to increased hospital billing (see, e.g., Dranove and Ody [2016] and Koch, Wendling, and Wilson [2017] ).
To consider the relative validity of the two hypotheses, we estimate models analogous to those in Table 3 for inpatient and outpatient hospital expenditures.
18 If the lack of preventative care explains our results, then we would expect disproportionate increases in inpatient spending. If shifting patients from physician offices into outpatient departments drives the overall increase, then we should observe disproportionately larger increases in outpatient spending.
The results of our mechanism-oriented regressions are shown in the final two regression columns in Table 3 . The first column shows the effect of changes in the concentration measure on inpatient spending, while the second shows the effect on outpatient spending. Across the different samples, we observe that both types of spending are higher in more concentrated markets. However, for all but the AMI population, outpatient spending is more sensitive to changes in concentration. While we do not see our results as being dispositive, we interpret the model estimates as suggesting that a large portion of the increase in expenditures associated with higher physician market concentration stems from the fact that hospital systems have become large employers of physicians. Interestingly, the story is reversed for the AMI population. This may suggest that the effect of shirking is especially acute for patients with more life-threatening conditions. We hope that future research can further clarify our findings.
Overall, we see our results as broadly complementary to the work of Dunn and Shapiro (2018) insofar as they too document a connection between cardiology market concentration and increased utilization. However, we have found that concentration negatively impacts clinical quality, while they find small improvements. This discrepancy may reflect differences in the populations studied. They consider the commercially insured population, where prices are negotiated, while we focus on Medicare beneficiaries, where prices are set administratively. We hope that future research can reconcile our findings.
Robustness
We have found our baseline results to be robust. Tables S1 and S2 in Appendix SA2 show the results for models wherein we allowed patients' demographic characteristics to have different effects by county of residence. This richer specification did not lead to qualitatively different results. Similarly, Tables S3 and S4 show that our conclusions are robust to calculating concentration using shares based on clinical visits rather than allowed spending.
19 Tables S5 and S6 provide additional robustness focusing only on nonrural areas to address concerns about endogeneity. Their results are qualitatively identical to our baseline models. 20 Furthermore, we investigated the possibility that we overstated the independence of observations by considering the impact of clustering at a higher level of aggregation. We found no impact on the relative precision of our estimates when clustering at the county level. Details on these robustness models are available upon request.
CONCLUSION
In conclusion, our analysis indicates that increases in concentration in cardiology markets have correlated with worse outcomes for patients as well as increased expenditures. This supports the conclusion that competition provides socially beneficial incentives in physician as well as other provider markets. Moreover, the results align with the large literature documenting physicians' responsiveness to financial incentives, even if the consequences do not benefit patients (Hennig-Schmidt, Selten, and Wiesen 2011; Chandra, Cutler, and Song 2012; Coey 2015) . Finally, our results suggest that antitrust agencies have reason for concern not just about price effects but also other forms of consumer harm from consolidation in physician markets.
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